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[bookmark: _Toc125640611]Introduction
Safety is the key focus within the company. Providing a safe environment for our employees, our neighbours, environment and sites. Globally, regionally and at site level, safe work comes first.  There are many initiatives continually looking to reduce the risks within operations. Operational activities that require personnel to enter a vessel or enclosed space (Often referred to as CSEs) or to complete elevated work are seen as high risk. (Dow EHS Standard for CSEs, 2022) The company also has a long-term strategy for Innovation in Manufacturing 4.0. Manufacturing 4.0 @Dow.com (2022). This provides the foundation and framework for improving productivity and competitiveness, focusing on growth and how we can use digital technologies to drive performance.  The company uses a plethora of technology within the management of the processes within the production of chemicals, from managing flow, temperature, and pressure, to safety critical devices and alarm management. There are still plenty of activities that are manual and require interventions by employees.   As a company we utilise the hierarchy of controls to minimise this, to reduce the risks for individuals and environment.
Safety is critical and the first thing to be considered when planning and carrying out work on all sites and performing tasks that involve personnel having to enter confined spaces with limited air movement is always a high concern and treat as high risk. This follows global guidance and, in the UK, HSE legislation (HSE,2009). Globally there is a move to trying to reduce the number of CSEs completed, by introducing technology (Botti, et al., 2017) In 2018, within Dow, the use of technology and reduction in CSE entries came together with a global move to use of robotics within compliance inspections.
I intend to review the introduction of robotics at the Barry site by the Integrity team when completing mandatory inspections. I will undertake a variety of surveys with different Subject Matter Experts (SMEs) from integrity, safety and operations, as well as an academic review of the innovation. Interviews can be found in the Appendices.
  


1. [bookmark: _Toc125640612]The principal driver for the innovation
Looking for new and innovative ways to complete Confined Space Entries (CSEs) activities, which can reduce the risk for the personnel is key.  In 2017, the company experienced a fatality at another location.  This was due to an employee entering a situation which was later deemed to be a confined space entry. 
Other drivers are the resources needed to complete a confirmed space entry.  Resources here are considered both time, personnel, and equipment. After interviewing both operational and integrity colleagues.   To complete a 1-hour inspection, involving a CSE, preparation could take 2 days involving 6 people.  A total of 96 hours. For the CSE, 4 people would be needed for 2 hours minimum, as well as a rescue team on standby. So well over 100 hours for one inspection. This did not include the cost of the any equipment that needs to be hired, e.g., Scaffolding.
The need to look at alternate methods to complete these activities has drawn the company to review the different reasons for completing CSEs.  Initial thoughts were to ensure that a senior leader had to sign off. Always asking can the work be done differently, to avoid the CSE? This was the initial review to see if the work could be completed in an alternative manner. Similar reviews were completed for other activities that were determined to be ‘high risk’. The highest number of CSEs were for integrity inspections.  
Although additional levels of authorisation impacted lightly on the number, it did not make a significant impact. This caused the business to have to consider an innovative approach.  The HSE (2009) advises, when looking to avoid CSEs, “Have the work done from outside, use of remote cameras for inspections.” 
Using technology, would have the potential to reduce a significant number of inspections that needed to be completed.  This could be considered a Breakthrough Innovation, according to, Goffin & Mitchell (2017) or as a as a Sustaining innovation, according to Satell (2017). For our site it was a brand new, untried innovation and for external partners it would also need to be validated to ensure the results would be as reliable when used for inspections. However, for the company, this could be considered more of a continuous improvement as other sites had already moved away from CSEs by using technology.

2. [bookmark: _Toc125640613]The barriers and risks faced by the company in developing this innovation
As this would be a process innovation using technology to drive safety. Many of the recognised risks we associate in innovation were not relevant. Here is it the process for the company that was innovative.  The technology existed and was used.   Our market was internal and supported.  Supply chain was proven. Trott (2008) considers the innovation as a management process. It does not need to be transformational.   The technology to be considered, already existed. The company was supporting with funding and leadership, so the focus for the site was the marketing to external & internal stakeholders.
[image: Text, letter

Description automatically generated]  (Trott, 2008, p. 26)
Any form of change must undergo a rigorous change process ensuring that all relevant parties.  This including developing an innovation to reduce the number of CSEs for integrity inspections.  Both United Kingdom Accreditation Service (UKAS) and the Health & Safety Executive (HSE) need to be confident that the use of robot aides to complete inspection work will still provide the same service as an individual completing the same activity. It is the company’s responsibility to complete all due diligence when moving forward with a new innovation or incremental change 
“The more we know about something, the more we can take calculated decisions about whether to proceed”. (Tidd& Bessant, 2013)
Failure to identify any weakness or area of corrosion or damage could cause a major leak of chemicals and cause a major event affecting a large number of employees, neighbours and damage to the environment. Adding any risk to the process could potentially lethal consequences.  Similar concerns would be raised by internal stakeholders.
Even though the technology had been used successfully in other sites in other locations, it was still new in regards the site and its processes. The team had to be able to prove the technology, by completing duplicate activities.
  
3. [bookmark: _Toc125640614]The key determinates in the process of committing to develop the innovation 
Goffin & Mitchell (2017) p 17, consider that there is an information funnel which brings a selection of ideas into a new product on process. A similar model has been generated by Wynn (2020)
However, Cooper (2008) considers this more as a work process with gates.  
Each of these models allow there to be a pause for thought and reflection at significant points and approval is needed to proceed.  It ensures that the innovation is being reviewed by all relevant parties, both internal and external.
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 Before any change or innovation is undertaken, considerations need to be taken and stakeholders, both in house and external.  In this review, that meant working with the production team on site, safety team, global robotics team and externally, HSE and inspectorate organisations. As the business was driving   and supporting changes to drive the reduction of CSEs. Some of the potential barriers of start-up costs, had been planned and funded, a key barrier had been removed.  The implementation team start by creating a project plan, using the approved model.  Ensuring that there were regular checks to keep the project running true.

All risks need to be evaluated and potential consequences considered, and contingencies planned for.  A team of integrity engineers and technicians were formed with process safety and Environmental, health & safety representatives to consider all these factors and make a plan of which inspections would be appropriate to act as pilot.
The pilot needed to be wide enough to cover a variety of activities, but also undertaken in a shorter period, to provide effective results. All aspects of the pilot needed to be signed off by all parties in the team.
Each activity was prepared in the normal manner for individuals to enter and complete inspections.  The robotic inspection technology, crawlers with cameras were used first and a full set of photographs and video was obtained. The same inspection was then completed with an individual undertaking a CSE to complete the inspection.   The results were compared, and the robotic results were more defined and produced a clearer inspection.
The relevant regulatory bodies (UKAS & HSE) both were informed of the results and the confidence that we had in the technology to complete the integrity inspections with valid results without risking human interventions with the work process to complete inspections.


4. [bookmark: _Toc125640615]The processes and technologies which the company used to carry out this development forward
To complete the variety of inspections required for the site, different robotic cameras, infra-red imaging mechanisms would be required.  Crawlers, magnetic movers, drones, as well as submersible functionality would be required. 
“Some systems have been developed which can inspect tank walls, thus eliminating the need for human fall protection and the dangers associated with working at significant heights”  
(BOGUE, R., 2018)
Storage tanks containing industrial chemicals are prone to corrosion, cracks and other defects and their inspection can be complex, potentially hazardous and resource intensive.  If a CSE needs to be completed, then tank needs to be emptied and taken out of service. Robotic inspection methods can overcome these problems, with systems having now been developed which can operate while the tanks remain filled and operational 
Fortunately, with other sites having already used the technology and us being able to borrow and trial the robotics on site the selection process was not as challenging.    Globally there is also technology best practice groups who share the Most Effective Technology (MET). This supports consistency across the businesses. As well as sites providing feedback on their use. New and emerging innovations are reviewed and added to the catalogue.
Below are a range of some of the robotics that we purchased to complete some of the inspections.  The best deals were obtained if you purchased a suite of robots to cover a range of activities.  The first image is a magnetic crawler (purple) with thermal imaging capable of reviewing the thickness of the tank wall.  Before the use of technology this inspection would have required a CSE and many hours preparation.  In this instance, role access was obtained from a higher existing mount and the crawler was operated locally by one operative, whilst another integrity inspector is reviewing the images as it moves across the sphere.  The last image is of a crawler that is used to complete internal inspections with a high-powered camera attached (See Appendix 1)
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5. [bookmark: _Toc125640616] The extent to which the development relied on resources external to the company and the ways in which the deployment of these resources was managed
 As discussed previously.  The company has an internal integrity department.  They have an obligation under UKAS to remain impartial. In many businesses, integrity inspections are completed by an external party to ensure impartiality. We have been granted a licence to complete many these inspections in-house. However, the required skills and technology to complete these inspections are available in-house and specialists are contracted in to complete this work. To work with an external partner still requires ensuring the integrity of their work and checking of their licences to complete the work. Contractors tend to be used for more complex inspections or specialised equipment. Once approval from the HSE and UKAS was gained, after the trial and confidence in the results were proved to the internal stakeholders (Leadership and EHS& Process safety teams). The team were able to move forward with using the technology.
The robotics are managed and maintained (including calibration & servicing) by a nominated person within the integrity team. Specific engineers and technicians are trained in their use.  Only qualified personnel are allowed to use and maintain the machines. Trott discusses the need to have confidence in the supply chain for resources.  (Trott, 2008, p. 125)
The robotics resource also needed specialised storage facility, including a mobile van where the results could be observed from. This was required due to the location and size of the site, as well as needing a strong wi-fi network. The robotics need a dry temperature-controlled environment to ensure that they were maintained.  This also needed to be easy access for the site. A location was identified, and permissions sourced from the area leader. There needed to be external electrical source to be added in, where the van and storage could be maintained.  Due to the electrical nature of the equipment and the materials produced all of these needed to be ATAX rated to ensure safe use.
After a period, it was realised that the drone was used infrequently, and the skills needed to manoeuvre this and fly it accurately without causing additional risks from collision or as a falling object was difficult to maintain internally. As much time, if not more was required for practice prior to use as to complete the required activity.  For this reason, it was decided to retire this from in-house use and contract a company to complete any drone activities required.  A safer option.   This also meant that there was a need to review the plan for completing activities requiring a drone to align these inspections to the same timeframe.  Allowing the company to maximise the contractor time and resource whilst on site.
The drone now has a new function within our STEM team used for external events to demonstrate how robotics can be used in maintenance activities.



6. [bookmark: _Toc125640617]How management overview of the development was maintained
As discussed previously, one individual integrity engineer, Michael Rice was initially tasked with reviewing how robotics was being used on other sites. What equipment was being used to reduce CSEs, how effective was the new processes.  What management processes were being used to monitor the process. These ‘gate’ or ‘check in’s’ allow time to consider the project in relation to Safety, Integrity, and operations. The key theme of the process included reviewing the technology, safety considerations, potential operations.  There was both a global drive from the H&S team to reduce CSEs completed with targets set. Also, through the Manufacturing 4.0 is driving to move from manual activities to automated where appropriate. In addition to the this, there is a European working group of subject matter experts who are available for technical and integration support.
Once this initial review was completed, Michael then built a team around him that could contribute and would need to have their expertise consulted upon. Within the project plan, key stages were identified where all stakeholders were brought together to review progress.  This internal process aligns with the models were reviewed earlier by Cooper (2008).
By working with the internal and external stakeholders the management of the process followed a structured format. However, there is always pressures of time for all those involved.  Govindarajan (2010) discusses the difficulty of managing and participating in projects as well as managing the key roles and responsibilities. This can often impact on the performance of the project, unless time is set aside and agreed to complete the activities required to meet the work needed to meet the next milestone or gate.
By completing a pilot before moving forward to full implementation, allowed for review of findings, sharing the benefits. Ensuring that the technology meets the needs of the key drivers.  Will Using the robotics reduce the need for CSEs? Will it be more cost effective.
With this innovation, all of the results were received positively. The aim was that within 5 years the need to complete CSEs for integrity inspections would be reduced by 50%.  Currently there are no formal data targets being managed. However, the number of CSEs have been found to have reduced significantly. The aim was to be able to manage this process in-house for all inspections. As they moved forward with the activities, it became clear that this would not be achieved. In some cases, specialist would still be needed to complete certain activities.
The lead for the project was able to manage the process of integration of the technology through maintaining communication with all stakeholders and maintaining effective data throughout.

7. [bookmark: _Toc125640618]The extent to which you feel this innovation process represents the best practice
When reviewing this innovation, through the interviews that were completed and observations as an employee who was not directly involved in the process.  I have already commented on the alignment of the change process or project management models that support the innovation process using tried and tested technologies. The need to research prior to making a change and introducing a new innovation to the site was clearly met here.  Identifying the needs and drivers for making the change and ensuring that the priority for meeting these needs is clear, allows goals to be set.  Ensuring that there was a goal to be aimed for supports keeping the project on track. Many theorists have look at change models from Lewin in 1947, through to Graetz& Smith in 2010. All talk about the need to have a clear plan using the steps plan, act, reflect. Cycle in different formats. If the plan or reflect stages are missed, then the change is likely to no remain embedded or successful. Lewin (1947) reviews the need to change the employees to accept change that is outside their comfort zone and the need to focus on the resisting forces, that may impede the change.
 The continual communication that was shared with leadership and then the site, progressing through the project helps reduce this resisting force. Reinforcing the positive impact that the change that could be achieved supporting individuals’ safety.  You could consider this communication as the internal marketing campaign for the change. The early involvement of both internal and external parties, allowed for all key questions and concerned to be discussed reviewed and considered as part of the project.
Ensuring that the external governing bodies were brought in early and able to review the results of the pilot ensured that the independence of the integrity team was maintained and that the results would still be robust. So many of the requirements of taking an innovative technology through the change process to meet a required need have been followed and best practice achieved in most areas.  
The savings were less important in this innovation, which is a positive as it was seen that still preparing for the inspection still needed to be completed. As there was often a need to enter to make a maintenance to the vessel.  However, the crew required for the initial inspection would not need the standby crew. 
There area often pipe inspections that do not need immediate remedial action.  The maintenance activity can be completed at a later date in a safe manner.

8. [bookmark: _Toc125640619] Critique of the innovation process, including evaluation

The innovation process of introducing the new technology of robotic cameras and integrity tools to reduce the number of CSEs has been well embedded within the site.
The project was well scoped, and a good level of research and trial was completed to ensure that the technology would work with the processes used on site. By maintaining a good communication strategy all parties were kept informed and the wider audience engaged with the process. Having a small key team involved in the project trials-maintained focus with unnecessary parties only brought in when required.
After the pilot, then suite of robotics was purchased and are effective.  However, further consideration could have been made in regards drones.  How often would they be needed, and would the skills be maintained?  These learnings have been shared back with the global and regional teams.   The size and complexity of the site will help define the need for this for other locations.  All changes can be learnt from as long as suitable reflection and reviews take place. The introduction of the technology has now led to other aspects of the business, to consider how they can utilise the technology.
Without the introduction of the technology within integrity, would not have allowed other department to make these incremental improvements.
 Within a large manufacturing site, the use of incremental innovations creates a steady progress in innovation. A breakthrough innovation is less likely to occur and would take a lot of planning and preparation.
Within smaller more dynamic businesses more radical changes can be more readily engaged with, however the risk of failure can be more impactful.  A larger organisation has more capability to take the larger risk, but implementation can take longer across multiple business. 
 Taking innovation into the whole organisation requires a psychologically safe environment where ideas can be shared openly.   Here the organisation, does not consider this innovation to be radical, more a step improvement as part of a continuous improvement process.
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1. Robotic Camera Specs.
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2.	Site interviews
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Figure 14 Innovation as a management process
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